As treatments to alleviate symptoms and to slow the progression of Alzheimer's disease (AD) emerge, an increasingly urgent dilemma for physicians is also developing: which of the many elderly individuals with memory complaints will develop Alzheimer's disease, and would therefore be candidates for preventive therapies? An important goal of current research must be to establish useful pre-clinical diagnostic and predictive guidelines, and this can only emerge from longitudinal follow-up of elderly individuals with mild memory loss. In this paper, we report the clinical characteristics of such a group, with the aim of ABSTRACT: Background: To determine whether clinical data obtained by history and physical examination can predict eventual progression to dementia in a cohort of elderly people with mild cognitive impairment. Methods: A prospective, longitudinal study of a cohort of elderly subjects with amnestic Mild Cognitive Impairment (MCI). Ninety subjects meeting the criteria for amnestic MCI were recruited and followed annually for an average of 3.3 years. Main outcome measure was the development of dementia determined by clinical assessment with confirmatory neuropsychological evaluation. Results: Fifty patients (56%) developed dementia on follow-up. They were older, had lower Mini-mental status exam (MMSE) scores and a shorter duration of symptoms at the time of first assessment. Multivariate logistic regression analysis identified age at symptom onset as the only clinical parameter which distinguished the group that deteriorated to dementia from the group that did not. The odds ratio for age was 1.1 (confidence interval 1.04 -1.18). Conclusions: Patients presenting with amnestic MCI insufficient for the diagnosis of dementia are at high risk of developing dementia on follow-up. In our cohort, 56% were diagnosed with dementia over an average period of 5.9 years from symptom onset. The only clinical predictor for the eventual development of dementia was older age at symptom onset. Clinical features alone were insufficient to predict development of dementia.
determining which clinical characteristics might predict progression to Alzheimer's disease.
The concept of Mild Cognitive Impairment
Various terms have been developed to describe individuals with mild memory loss. 1, 2 Mild Cognitive Impairment (MCI) is now the most common term and we have used the criteria for MCI in characterizing our group of subjects. Mild Cognitive Impairment is a classification originally defined in the ICD-10 3 as subjective report of cognitive decline from a former level, gradual in onset, and present for at least six months. There is now consensus around a definition of MCI defined by a set of clinical symptoms-subjective memory complaints, objective evidence of memory loss, with other cognitive domains remaining "generally intact", no significant daily functional disability, and absence of a clinical diagnosis of dementia. 4, 5 The majority of MCI individuals seen in Memory Clinics are "amnestic" in that memory is the major cognitive domain affected. Winblad et al 6 and others have more recently subclassified MCI into "amnestic MCI" (memory only impaired), "amnestic plus multiple domains MCI" (Memory plus Other, where "Other" is executive function, language, attention or visuospatial function), or Single Nonmemory domain (Other Only label). These subclassifications are usually on the basis of detailed neuropsychological evaluation, but at a clinical level, MCI showing primarily subjective and objective memory loss could be classified as "amnestic". Mild cognitive impairment excludes individuals with significant depression, delirium, mental retardation, or other psychiatric disorders likely responsible for the impairment.
Two alternative approaches have been used in delineating elderly subjects with mild memory loss, and these will be briefly discussed. One evaluation is according to the Clinical Dementia Rating (CDR) scale. In this scale, a very similar group is termed "Questionable Dementia". 7 Individuals so classified show mild consistent forgetfulness with partial recollection of events, with mild or no impairment in hobbies and community affairs. The rating of CDR 0.5 is assigned to such individuals. While cognitive "domains" of memory, orientation, judgment, social function, hobbies, and personal hygiene are all assessed, the algorithm for calculating the rating weights memory heavily. 8 It has been noted, however, that although most MCI individuals score as CDR 0.5, there are some other CDR 0.5 individuals who would be better classified as already demented, with mild AD. 9, 10 Another term, Age-Associated Cognitive Decline applies to patients who report gradual cognitive decline over at least six months. 11 Memory and learning can be affected (the usual pattern) as well as attention, abstraction, and language. Patients must show abnormal performance (at least 1 standard deviation (SD) below the norm for age-appropriate populations) on tests of cognitive function for which age and education norms are available.
Natural history of Mild Cognitive Impairment
It is clear now that Alzheimer Disease has its onset many years before clinical symptoms occur. [12] [13] [14] As a corollary to this, MCI represents a state of increased risk for development of AD. [15] [16] [17] [18] Progression of MCI patients to dementia (mainly AD) occurs at an initial rate of about 15-30% per year in Memory Clinic samples. 17, [19] [20] [21] [22] Some individuals with MCI, however, remain only mildly impaired for many years, and may never progress to dementia. 23 Visser et al 24 reported that about half of the MCI subjects in a European Memory Clinic progressed to dementia over ten years follow-up. In our Montreal Memory Clinic cohort, about 75% of MCI subjects eventually go on to dementia, and 25% do not. 25, 26 Distinguishing which subjects will or will not progress is of obvious clinical importance, both in terms of prognosis and management.
Clinical risk factors for development of dementia and AD
There is currently a great deal of interest in defining clinical, neuropsychological, genetic, imaging, and biological features which identify those subjects with MCI who will progress to AD, and those who will not. In this study, we evaluated whether information obtained on clinical examination allows this distinction to be drawn. Obviously, the most useful indicators would be those readily available to clinicians at the bedside or in the clinic itself, without need for more sophisticated work-up. We will not address the question (applicable only to specialty clinics) of whether neuropsychological 27 or combined neuropsychological, imaging, and genetic algorithms 28, 29 might allow accurate prognostication in MCI cases.
The literature supplies evidence for a number of clinical features which might identify those patients who are at a preclinical or at least an early stage of AD. Risk factors for development of dementia in population studies of elderly normal subjects may be of prognostic value in patients with mild cognitive impairment. The risk factors that derive from the literature include age, 29, 30 a family history of dementia, 31 history of head injury, 32, 33 depression, 34, 35 as well as low pre-morbid intelligence and education. [36] [37] [38] Female gender has been noted to be a risk factor for dementia in a number of studies, 30, [39] [40] [41] although this has not been found in others. [42] [43] [44] [45] [46] The onset of subjective memory complaints may be a risk factor for development of subsequent cognitive decline. [47] [48] [49] [50] Other research teams have, in contrast, noted that subjective complaints alone do not predict decline in the absence of objective memory loss. 16 Relatives' report of memory deterioration also appears to accurately detect mild cognitive impairment even in the absence of measurable neuropsychological deficits. 8, [51] [52] [53] It is not clear that new neuropsychological subtypings of MCI lead to any increase in predictive ability. 54 There is growing evidence that signs and symptoms of vascular disease are important risks for dementia, and even for AD. The Rotterdam study stressed the important predictive value of diabetes mellitus, atrial fibrillation, blood pressure, and serum homocysteine levels in predicting occurrence of dementia in a general elderly population. [55] [56] [57] [58] [59] Smoking was a risk factor for dementia in this as well as other studies of the general population. 30, 60 Physical examination may also supply prognostic information. Frontal release signs, impaired gait, and increased rigidity may occur more frequently early in the course of dementia. 31, [61] [62] [63] [64] [65] In a recent study, gait disturbance was often reported to the family doctor up to five years before dementia was diagnosed. 65 While risk factors for AD in the general population are of interest, it is unclear whether they are relevant in predicting dementia in that subset of the population presenting to a Memory Clinic with mild cognitive impairment. Studies of such cohorts have identified several possible predictors: It has been suggested that the most highly predictive elements of the history are report by the family that the patient's memory has declined over the previous 12 months, and that the cognitive decline is having some impact on function. [66] [67] [68] Finally, there are a growing set of reports using results of particular neuropsychological tests, biomarkers, and neuroimaging, in order to better predict which individuals with MCI will progress to AD. While these are beyond the scope of this article, they are addressed in a number of reviews. 1, 2, 69 In summary, the available studies have focused on different aspects of the clinical and neuropsychological assessment, but to our knowledge, none have assessed the utility of information derived from the clinical assessment as a whole. It is not clear that, in a typical clinical setting, assessment of clinical risk factors in an MCI patient will help predict the chances of progression.
This study explores the hypothesis that the subset of patients with MCI destined to develop dementia can be distinguished from those with stable memory difficulties on clinical grounds alone. A rigorously defined cohort of patients with mild cognitive impairment was identified; this cohort met current criteria for MCI. 5, 70 We report the results of the initial clinical evaluations and identify the factors which were associated with the development of dementia.
SUBJECTS AND METHODS

Subjects
Subjects were recruited as a convenience sample from 215 consecutive individuals with MCI seen on a physician referral basis at the Jewish General Hospital (JGH)/McGill University Memory Clinic over a five year period. All had memory complaints, and they underwent clinical assessment as part of their initial work-up, with careful itemized documentation of all aspects of their clinical presentation.
Ninety subjects meeting the above criteria for MCI were recruited. All had presented to their family physician with complaints (from the individuals themselves or their families) of memory loss. All were assessed in the Memory Clinic by a neurologist or geriatrician skilled in assessment of memoryimpaired elderly individuals, and were judged as also able to meet the criteria for Mild Cognitive Impairment defined in the working group of Winblad et al, 6 and the MCI Working Group of the European Consortium on Alzheimer's Disease, 71 as well as Petersen in his original operational definition of MCI. 72, 73 All had a history of memory decline in the last one to four years reported by the patient, caregiver (usually the spouse), or both, of a sufficient degree to bring them to medical attention. The date of onset of memory difficulties was provided by spouse or caregiver. In the clinical judgment of the specialists assessing these individuals, there was "memory impairment beyond what was felt to be normal for age, but… [they] were relatively intact in other cognitive domains". 74 All subjects received the same evaluation and were documented to have objective memory impairment on a standardized mental status exam, the JGH Memory Clinic Assessment (unpublished but available from the corresponding author), which contains elements of the CERAD, CDR, and Toronto Behavioural Neurology Assessment batteries appropriate for mild dementia subjects. 75 Deficits in other cognitive areas (outside of short term memory) were judged as minimal and not sufficient to imply a clinical diagnosis of dementia. On informal assessment, subjects agreeing or not agreeing to participate in this study did not differ in any appreciable demographic features. All were deemed capable of giving informed consent.
All subjects met criteria for Amnestic MCI, 5 with or without other cognitive impairments, and they had an initial and major complaint of memory loss (almost all of the MCI individuals referred to the Memory Clinic had this complaint), supported by clinical evidence of objective impairment in memory beyond normal. The subjects did not meet the National Institute of Neurological and Communication Disorders SciencesAlzheimer's Disease and Related Disorders Association (NINCDS-ADRDA) criteria for the diagnosis of probable AD or dementia. That is, they did not have evidence of other cognitive deficits or impairment of daily functioning. 76 All were classified according to the Washington University CDR scale and met the criteria for "0.5" on that scale. 7, 77 All subjects also met criteria for Age-Associated Cognitive Decline. 11 Full details of their characterization are presented elsewhere. [78] [79] [80] A standardized clinical history was taken and recorded, recording presence of current or past smoking, diabetes, cancer, hypertension, etc., along with best estimates of alcohol consumption and smoking. The clinical variables were assessed and tabulated. Family history was defined liberally as even one member of the immediate family with a history of AD. Precipitants for AD were recorded liberally. Family members and subjects were asked "was there anything that seemed to trigger the memory loss", and then a list of possible triggersgeneral anaesthetic, a severe stress, illness, etc. -were provided. The caregiver's assessment of the course (stable vs. progressing memory loss over the previous year) was also assessed.
Caregiver's assessment of the presence or absence of behavioural changes, emotional changes (anxiety, depression, apathy) or functional changes, were also tallied. Report of functional changes was assessed using the Pfeiffer Functional Activities Quotient. 81 A standardized physical exam was carried out, looking specifically for lateralizing signs, extrapyramidal signs (rigidity, tremor, bradykinesia), frontal release signs, abnormal movements, gait impairment, increased tone and hyperreflexia, and impairment of eye movements. There was no evidence on clinical evaluation of systemic or other neurological disease sufficient to interfere with cognitive function. Structural brain disease was excluded by CT and/or MRI. Screening for underlying systemic illness included a CBC, routine chemistry, thyroid function, syphilis screen, and serum B 12 and folate. All subjects scored less than 4 on the Hachinski ischemic scale. 82 The Mini-mental status exam (MMSE) 83 was carried out by the clinician as a global assessment tool.
All subjects underwent a full neuropsychological evaluation, which will be reported separately. Major depression was excluded via a score less than 16 on the full (30 item) Yesavage Geriatric Depression Scale. 84 Mild depression (score 6 to 16) was allowed. The diagnosis of MCI was supported by a neuropsychological evaluation establishing that a) there was memory performance at least 1.0 and usually 1.5 standard deviations below the mean for age and education on one of the RAVLT (Rey Auditory Verbal Learning Test), 85 or the Logical Memory (paragraph recall) subtest of the Wechsler Memory Scale -Revised, 86 and b) the DSM-III criteria for dementia were not met.
The subjects were then followed annually with both clinical assessment and repeat neuropsychological examination. All subjects were followed for at least one year. Those who developed dementia on follow-up (the Progressors) were compared to those who remained in the MCI category (the NonProgressors) in terms of the clinical data collected at the initial assessment. The clinical data were formally compiled by an investigator blinded to outcome.
Statistical analysis
As a first step, those who went on to develop dementia were compared to those who did not on demographic and clinical variables using chi-square and t-tests as appropriate. All clinical parameters that were found to be different between the two groups (p<0.1) were entered into a logistic regression model. Possible multicollinearity was assessed by considering pairwise correlations between variables.
A step-wise approach was used to determine which measures contributed to discriminating between patients who developed dementia and those who did not. Two models were created because some clinical information was missing for three of our subjects. One model excluded those subjects; the other included them by replacing the missing values with the mean of the group for these measures. The same measures contributed to discriminating between the two groups in both models. The results from all 90 subjects are therefore presented here.
RESULTS
At the time of initial evaluation, the 90 subjects had an average age of 73.7 years (range 58-84) and an average MMSE score of 27.5 (range [23] [24] [25] [26] [27] [28] [29] [30] . There were 45 men and 45 women, with an average of 10.7 years of education (range [4] [5] [6] [7] [8] [9] [10] [11] [12] [13] [14] [15] [16] [17] [18] [19] [20] [21] [22] . The mean duration of reported memory loss prior to presentation was 2.6 years (SD 2.1), with the mean age at symptom onset 71.1 years (SD 8.2). Demographic variables are summarized in Table  1 . All subjects scored at least 1.0 standard deviation (and usually 1.5 standard deviations) below the age-adjusted mean on one or more memory test administered.
Mean follow-up was 5.9 years (SD 2.7) from the time of symptom onset, or 3.3 years (SD 1.3) following the first clinic visit. Fifty subjects (56%) deteriorated to the point of dementia (meeting DSM-III criteria for probable or possible AD in all cases), while 36 remained in the MCI category. Length of follow-up from symptom onset was similar in both groups ( Table  2 ). Four were reassessed as "normal" on follow-up, and will be considered with the MCI "non-progressors" for statistical comparisons. Two subjects died just prior to their first annual follow-up. Information from family members and the subjects' primary care physicians indicated that they had not demonstrated cognitive deterioration to that point, and they are included with the MCI non-progressors category. Another two subjects died following one year of follow-up, at which time they were still classified as MCI. There were no other losses to follow-up. These four subjects were included in the MCI category in the analysis reported here. Any misclassification due to loss to follow-up is likely to attenuate the difference between the two groups. As such, our findings may under-estimate the predictive value of the clinical data studied.
Univariate analysis revealed significant differences between the group that developed dementia on follow-up (the progressors), and the group that remained classified as MCI (the non-progressors). The 'dementia' group was older at the time of symptom onset, and had a statistically significantly lower score on MMSE at presentation. This group had also been symptomatic for a shorter period of time. There was a tendency for those in the MCI non-progressors group to report having smoked more than those in the dementia progressors group (16 ± 24 vs. 8 ± 12 pack-years; p=0.08), although this did not reach statistical significance. Given the uncertainty inherent in retrospectively establishing a precise smoking history, the data were also analyzed in terms of 'ever' vs. 'never' smoked. There was no difference in this regard between the two groups. No significant difference between the two groups was found for a variety of other clinical information. The broad categories assessed are listed in Table 3 .
Based on the results of the univariate analysis, the following variables were entered into a logistic regression model: age at symptom onset, score on MMSE, any history of smoking, and symptom duration. Level of education, sex, and evidence of a change in functional status were also included in the model, as they have been found to be important in other studies. No pairwise correlations greater than 0.6 were found between variables, so all were included.
Logistic regression identified only older age at presentation as contributing significantly to discriminating between those who subsequently developed dementia, and those who remained in the MCI group. The odds ratio was 1.11 (CI 1.04-1.18) for each added year of age at presentation. A non-statistically significant trend was seen for both initial MMSE score, and smoking history. These results are summarized in Table 4 . 
DISCUSSION
This study describes a well-characterized cohort of elderly subjects with mild memory impairment meeting current criteria for amnestic MCI as well as CDR 0.5. A wealth of clinical information was derived from a semi-structured interview of both the subject and a close family member, in addition to a detailed physical examination. After consideration of a number of demographic and clinical variables, only older age at symptom onset was associated with progression to probable AD in this group. Basically, there were no clear clues on history or physical exam of an (amnestic) MCI individual that could clearly have predicted whether the individual had a high or low risk of progressing to dementia.
Older age is a known risk factor for AD, 30 and has been associated with development of dementia in subjects with 'questionable dementia' at presentation. 15, 24 The subjects in our group who noted memory difficulties at an older age were more likely to develop dementia, with an odds ratio of 1.1 for each added year at time of presentation. There was, however, considerable overlap in age at onset of symptoms between the two groups. This finding does suggest that memory complaints that begin at a younger age may have a more benign prognosis in people presenting with mild memory impairment.
Some population-based studies have found the incidence of Alzheimer's disease to be higher among women, 30, [39] [40] [41] while others have not, 42, 44, 46 Devenand et al, in a smaller and slightly differently defined cohort of elderly subjects with mild memory impairment found no association between female sex and the development of dementia. 15 We confirm this finding in our cohort.
The MMSE is a widely used tool for assessment of mental status in the elderly. The subjects reported here scored in a narrow range (23) (24) (25) (26) (27) (28) (29) (30) consistent with their mild impairment clinically and on more detailed neuropsychological testing. On average, MMSE scores were slightly but significantly lower at presentation in those who progressed to dementia. However, the MMSE score was not found to contribute significantly in the multivariate predictive model.
There is conflicting data about the role of smoking in the development of AD. In a number of population-based studies, it has been inversely associated with development of dementia, suggesting a possible protective effect. 87, 88 Other studies have found the opposite. 30, 60 A variety of explanations have been advanced to explain either possibility, ranging from selection of a 'hardy' subgroup of elderly smokers, to a protective role for central nicotinic receptors. 89 In the present study, the number of subjects who had a history of ever having smoked was similar in both subgroups (50% overall). There was more divergence between the groups with regard to cumulative smoking history (pack-years), with those in the stable subgroup smoking more on average. This difference did not reach statistical significance.
It has been suggested that caregiver assessment of memory impairment is more meaningful than the subjects' own assessments, 51 and that caregivers can accurately detect subtle impairment before measurable neuropsychological deficits are evident. 8, 53 Caregiver report of memory decline with an impact on function over the previous 12 months has previously been found to predict the development of dementia. 67 This study fails to substantiate this claim. Neither subjective memory complaints nor caregiver report of decline was useful in distinguishing Progressors from Non-Progressors.
There are few reliable signs on neurological exam which indicate the presence of dementia beyond the mental status abnormalities. Frontal release signs, impaired gait, and increased rigidity have been reported to accompany the disease and modify its clinical expression. 31, 61, 62 The finding of extrapyramidal signs in community-residing individuals has been found to substantially increase the risk of subsequent dementia. 63, 90 Furthermore, there are suggestions that if cognitive impairment of any degree is present, the additional presence of mild extrapyramidal signs strongly predicts eventual development of dementia; Richards et al found that 45% of such people had developed dementia at the end of two years' follow-up. 63 Extrapyramidal signs were found in only 1 of 90 subjects in our cohort. Eighty percent of the cohort had a normal neurological exam, with no difference between subgroups. Only 16% of the subjects had frontal release signs, and again, there was no difference between the subgroups. There were thus no predictive differences in physical findings in the two subgroups.
The finding that 56% of people with MCI developed dementia over a mean follow-up of six years highlights the importance of distinguishing those with stable memory deficits, and those at an early stage of dementia. Making this distinction will be important both for counseling patients presenting with these complaints, and for planning treatment. Despite detailed clinical assessments, only age at symptom onset served to help predict the development of dementia in people with mild memory impairment in this study. We wish to acknowledge two important caveats in this study. First, newer clinical risk factors were not included in the assessment. In the past few years it has become evident that degree of cognitive activity, 91 physical activity 92 and even social activity 93 have a protective effect. There is a beneficial effect of social network, physical leisure, and non-physical activity on cognition which might have a protective effect against progression to dementia 94 but these factors were not clearly assessed in our people. Other new risk factors include diet and recent weight loss and this was also not assessed properly. 95, 96 There is also recent evidence that loneliness and chronic distress increase the risk of AD, [97] [98] [99] but these psychological factors were not assessed in this study. Finally, we did not assess formally for the use of particular medications with anticholinergic side effects, which have been found in 9% of MCI subjects. 100 We consider it unlikely that any of these would have provided definitive prognostication information however. The second caveat is the question of power. It is possible that this study was underpowered to demonstrate significant clinical features (such as behavioural changes) that were present in only a small subset of the cohort.
Our data strongly suggest, however, that ancillary data, whether from objective neuropsychological assessment, imaging studies, CSF or blood biomarkers, genetic analyses or a combination thereof will be necessary in the future to allow a more precise prognostication of individuals with MCI.
